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[SUBJECT of the Invention] 

A novel acidic (alpha)- amylase is provided, 
various troubles in the conventional amylolysis 
industry are solved at once by liquefying a 
starch under by acidic and high temperature 
conditions. 



L-¥l^] 



[PROBLEM to be solved] 

The following characteristics : 

1) Substrate specificity : acting on a starch, 
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-rs ; 

2) Sii pH : 1^ pH4.0 -C'fcS ; 

3) pH^/Ett : 90°C. ^5'Am 
c7)^Pf^^#Tt■|'^J pH4.5~5.0 

4) U&^^Vk : pH4.5 i^fcl^ 
T 15 ^^fHrn^^Lfci^-a-. 80t: 

t-c-^^-efes ; 

5 ) : m 80°C~90°C-t- 

6) 5->T-a : ^vi-iiiifi-ei^ 

55,000~60,000 -C-fcS ; *5J: 

7) ^m,'^. : 1^4.2 Vh^ ; 
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malto pentaose and a malto hexaose are 
mainly generated.; 

2) Optimum pH : it is approximate pH 4.0. ; 

3) pH stability : it is stable under heating 
conditions of 90 degrees-Celsius and 15 
minutes at an approximate pH 4.5-5.0.; 

4) Temperature stability : when it maintains for 
15 minutes in pH4.5, it is stable to 80 
degrees-Celsius.; 

5) Optimum temperature about 80 
degrees-Celsius-90 degrees-Celsius.; 

6) Molecular weight : about 55,000 - 60,000 in 
a gel filtration process.; 

And 

7) isoelectric point: about 4.2 

Acid (alpha)- amylase which has these. 



[SDO CLJ] 



[CLAIMS] 



[Mill] 

1) mm^fm'^-.mM^imL. 

1-5 ; 

2) SiipH:*<]pH4.0Tfo5 ; 
3 ) pH ^^t4 : lOOmM mmM 

9ot:. 15 'jym(DMm 
^wrx-m pH4.5~5.o -cs^ 

■ft : lOOmM 
pH4.5 (C:foV^T 15 5> 

5 ) ^iiraS : m 80r~90°CT 
; 



4) Ui^ 



[CLAIM 1] 

Acid (alpha)- amylase which has the following 
physicochemical properties : 

1) Substrate specificity : acting on starch, a 
malto pentaose and a malto hexaose are 
mainly generated.; 

2) Optimum pH : it is an approximate pH 4.0. ; 

3) pH stability : it is stable under heating 
conditions inside of 100 mM acetic-acid buffer 
for 90 degrees-Celsius and 15 minutes at an 
approximate pH 4.5-5.0.; 

4) Temperature stability : when it maintains for 
15 minutes in pH4.5 in 100-mM acetic-acid 
buffer, it is stable to 80 degrees-Celsius.; 

5) Optimum temperature : it is about 80 
degrees-Celsius-90 degrees-Celsius.; 

6) Molecular weight : it is about 55,000 - 60,000 
in a gel filtration process.; 

And 

7) isoelectric point; it is about 4.2. 
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6) : f'^i^mMm-^-m 

55,000 ~ 60,000 TJfoa ; fcJ: 

7) mm,^. : m4.2vh6o 

^hi^s SiiSS/j"^ 3mM (D:ti 
i/ •> A ^ ^ y C) ( c J; 5 
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[CLAIM 2] 

Furthermore, acid (alpha)- amylase of Claim 1 
which does not receive the influence depended 
in the presence of the calcium ion whose 
optimum temperature is 3 mM. 



[m>km 3 ] 

y -if i:m'M-t ^ jfmv h ^ 

ti jv y ^) X (Bacillus 
acidocaldarius )^: ^ 5 mS^^JS 3 

[ft 3^11 5] 

ij ;\y ^) X ( Bacillus 
acidocaldarius ) KSTM-2037 ft 

-e & 5 M II 4 E « (7) M it ;^ 



[CLAIM 3] 

It is the method of manufacturing the acid 
(alpha)- amylase of Claim 1, comprised such 
that a method to include the process which 
cultivates the microorganisms belonged to the 
Bacillus. 



[CLAIM 4] 

The manufacturing method of Claim 3 whose 
said microorganisms are Bacillus 
acidocaldariuses (Bacillus acidocaldarius). 



[CLAIM 5] 

The manufacturing method of Claim 4 in which 
said microorganisms are a Bacillus 
acidocaldarius (Bacillus acidocaldarius) 
KSTM-2037 strain. 



[M*il 6 ] 

(Dm\'^- a-T xy-iftm^t 



[CLAIM 6] 

It is a method of liquefying a starch, comprised 
such that a method including a process to 
which the acid (alpha)- amylase and the starch 
of Claim 1 or Claim 2 are made to react. 



[fijRil 7 ] [CLAIM 7] 

itufil^&xtta ~T I 7— if;65/<5^ The method of Claim 6 that said acid (alpha)- 

/u X T ¥ ti ^" y X aiTiylase is obtained from a Bacillus 

( Bacillus acidocaldarius )^^g.-# acidocaldarius (Bacillus acidocaldarius). 
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K V V ■^7. ( Bacillus 

acidocaldarius ) KSTM-2037 ft 
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[CLAIM 8] 

The method of Claim 7 in which said 
microorganism is a Bacillus acidocaldarius 
(Bacillus acidocaldarius) KSTM-2037 strain. 



[fS*iI 9 ] [CLAIM 9] 

85°CJii J:-.coiaS The method of Claim 8 in which said reaction is 

"C pH 0 d^b 5 5 <?5rBl'CtT Perfoi'f^ed between 5.5 from pH4.0 at the 

f^M. mim 8 {ae«c(7)^&o temperature more than 85 degrees-Celsius. 

\mim.\Q\ [CLAIM 10] 

BiItBSi^^:^^ ;t7yv >''y' A^'^Jp The method of Claim 8 in which said reaction 

UlW mim. 8 does not add calcium. 



[/SDO] 
[SDO DEJ] 



[/SDO] 
[SDO DEJl 

[DETAILED DESCRIPTION of the INVENTION] 



[0 0 0 1] 



[0001] 



[0002] 



[TECHNICAL FIELD of the Invention] 

This invention relates to novel acid (alpha)- 
amylase and its manufacturing method, and a 
liquefying method of a starch using this novel 
acid (alpha)- amylase. 

In more detail, it is related with the acid (alpha)- 
amylase obtained by cultivating the 
microorganisms belonging to Bacillus and its 
manufacturing method, and the liquefying 
method of a starch slurry. 



[0002] 



[PRIOR ART] 

The process which generates oligosaccharides, 
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— t?'(c J; 5liirfb:i:.fM^^A.Tri/ ^ 

^(Dijmit. ^-f. pH 

6-6.5. 95~105°C(Z)#;#T"Ir 
Bacillus licheniformis Bacillus 
subtilis mf)^'\m-t^ a - T 5 

pH4.5 . 60 °C CO ^ {4^ T T 
Aspergillus niqer 
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such as glucose and maltose, from a starch 
contains the liquefying process of the starch 
which uses (alpha)- amylase, and the 
saccharified process by the glucoamylase. 
When using a corn starch as a raw material, 
liquefying by the jet cooker method and 
two-stage-liquefaction method is used as a 
conventional method. 

This method is first liquefied by the (alpha)- 
amylase to which Bacillus licheniformis and 
Bacillus subtilis etc. produce a starch under 
pH6-6.5,95-105 degrees-Celsius conditions. 
Subsequently, the process of making it 
saccharify by the glucoamylase which 
Aspergillus niger etc. produces at pH4.5 and 60 
degrees-Celsius conditions is included. 



[0 0 0 3] 

r tL * T:' ^:-p b T V ^ 5 a ~ T 
5 y-^r®l5<!r^<^^^{iSig pH 

pH ^ 6 Ma: ^ -ei^ ^ . 

pH i)^ A.5{-mX^hh^tt^h. 
•M pH 5r 4.5 H-ifitciMLia: 

[0 0 0 4] 

Mid. mmm^^x\^ha~ 



[0003] 

Since optimum pHs are in the vicinity of 6, the 
liquefying process is implemented after most of 
the (alpha)- amylase known until now raises pH 
of a starch slurry to the vicinity of 6 by a 
calcium hydroxide etc. in liquefying of a starch. 
However, in the saccharified process which 
ranks second to a liquefying process, the 
complicated process of readjusting pH to the 
4.5 neighborhoods again is needed from the 
optimum pHs of the glucoamylase mainly used 
now being the 4.5 neighborhoods. 
Moreover, in the liquefying more than pH6, it is 
said that there is a fall of the glucose yield after 
saccharified according to alkali isomerization. 



[0004] 

Furthermore, it is a conventional method that a 
calcium ion (a calcium hydroxide etc. is about 3 
mM for liquefying a starch on 95-105 
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A-r^^ {xmii^i^n 95- 
1 05°c (7) ^ T -e Mm omit^ 
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degrees-Celsius conditions industrially) is 
added in order for the (alpha)- amylase used 
now to suppress a deactivation of (alpha)- 
amylase. 

However, the elimination process of the calcium 
ion in the following purification phase also 
serves as a cause of the formation of process 
complicated. 



[0 0 0 5] 

.tmmm.^.^Mi^i-^< . pH4 

flffi^:-n b tiT v^ ^ Bacillus 
acidocaldarius ^^(D^i^ta-T 

[0 0 0 6] 



[0005] 

The above-mentioned trouble should be solved, 
various (alpha)- amylases that act in the acid 
range near pH4 and have a heat-resisting 
property are separated, and 
It is investigated. 

The acid (alpha)- amylase derived from Bacillus 
acidocaldarius known now is shown in Table 1. 



[0006] 



[^1] 



[TABLE 1] 



[0 0 0 7] 
[0 0 0 8] 



[0007] 

However, the present condition is that the 
enzyme which can be used for liquefying of a 
starch on acid conditions by high temperature 
is not yet obtained. 

[0008] 

On the other hand, various super-heat-resisting 
property enzymes are found out as a research 
result of the hyperthermophilic microbe 
performed actively in recent years. 
For example, the activity may not be dependent 
on a calcium ion, and may be able to use the 
super-heat-resisting property neutral (alpha)- 
amylase of the hyperthermophilic microbe 
origin for liquefying of a corn starch on the 
super-heat-resisting property, therefore high 
temperature acidity conditions. 
However, the enzyme expression level of a 
hyperthermophilic microbe is very low, it uses 
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for industrial production as a 
gene-recombination strain, and a colander is 
not obtained, but use in the foodstuffs industry 
is very difficult. 



[0 0 0 9] 



[0009] 



m \^ mm pH R xfic^pH mm ^ 

7— if;5^5Ri6ibtlXV^-5o 



[PROBLEM to be solved by the Invention] 

Therefore, mass production is possible, without 
depending gene recombinant, and it has an 
optimum pH and a stable pH range in an acidity 
side, and the (alpha)- amylase which is a 
heat-resisting property is called for. 



[0010] 



[0010] 



pH st/$/t pH mm^^ L. t> 

o»«.T-*? 5 a - 7 5 7 -if 

^ ^ Jn fc Bacillus 
acidocaidarlus KSTM-2037 W 

^ IjS "t" 5 {c: M o /c o Bacillus 
acidocaidarlus \iiM(DMi?M'^^^ 

n^^tixi-?Df)-^ (mi), 



[MEANS to solve the Problem] 

This Inventor have an optimum pH and a stable 
pH range in an acidity side, and in order to find 
for the strain which produces the (alpha)- 
amylase which Is a heat-resisting property, it 
searched from nature widely. 
Consequently, -2037 strain of Bacillus 
acidocaidarlus KSTM collected out of the soil of 
Fukuchiyama-shi, Kyoto prefecture discovers 
that it is what attains the above-mentioned 
objective, It came to perfect this Invention. 
Although the heat-resisting property and the 
acid-proof (alpha)- amylase derived from 
Bacillus acidocaidarlus are already reported 
(Table 1), since the heat-resisting property of 
the (alpha)- amylase of this invention exceeds 
it, it is a novel enzyme. 



[0 0 1 1 ] 



[0011] 



[mmo^MmM] [EMBODIMENT of the Invention] 

^f^^lflfi. JsATco 1 ) ^i^ib 7 ) This invention relates to the acid (alpha)- 
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[0012] 

1 ) : Mm^im L. 

■v/b h-<>'i5';t— ^^oJ;0^-r/^ 
2) SiipH :|^pH4.0-t-fc?) ; 
3 ) pH 'Sr/ttt : lOOmM 
mm'PV 90°C. 15 ^Af^oymi^. 
^#T-t1i<J pH4.5~5.0 -e^^ 

-efes ; 

4) /^It'i^Vi''tt : lOOmM mm 
mWm'V pH4.5 (CjoV^T 15 ^> 

5 ) : 1^ 80t:~90'C-e 

h6 ; 



6) ^ 



55,000~60,000 ; *dJ: 

7) ^«,^r : 1^4.2 -Cfc 5 o 
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amylase which has the following 
physicochemlcal properties of 1 to 7. 

[0012] 

1) Substrate specificity : acting on a starch, a 
malto pentaose and a malto hexaose are 

generated.; 

2) Optimum pH : it is an approximate pH 4.O.; 

3) pH stability : in 100-mM acetic-acid buffer, it 
is stable at an approximate pH 4.5-5.0 under 
heating conditions of 90 degrees-Celsius and 
15 minutes; 

4) Temperature stability : when it maintains for 
15 minutes in pH4.5 in 100-mM acetic-acid 
buffer, it is stable to 80 degrees-Celsius.; 

5) Optimum temperature : it is about 80 
degrees-Celsius-90 degrees-Celsius.; 

6) Molecular weight : it is about 55,000 - 60,000 
In a gel filtration process.; 

And 

7) Isoelectric point: it is about 4.2. 



[0013] [0013] 

iiFM^£^MWM\^ts\y^Xlit. S In suitable Embodiment, it is acid (alpha)- 
jS?mLj5/5^ 3mM (DiJ jVi/'^ amylase which does not receive the influence 

:i-y(Dtf^±'tZ.X^^W^^lii^£ depended in the presence of the calcium ion 

, .jj^,,, -^ "^ - ^^+^ whose optimum temperature is 3 mM. 

[0014] [0014] 

^hi^. '^MMMWllii, ±tSi^t4 Furthermore, this invention is the method of 

a ~T i y —ii^M'jG.'^^^'/ii manufacturing the above-mentioned acid 

Vh-oX. /^^/w-xiK^Jii-^ (^'P^^)" anfiy'ase, comprised such that the 

■mrM-**,-/- l^^r^^-^ -r-sa* /-.^^ process which cultivates the microorganisms 

mMirim-t^JLU^^^-r belonged to the Bacillus is included. 

[001 5] [0015] 

$7-ii^j:5il-JS^ti(:ijol/^T(4. m In suitable Embodiment, said microorganisms 
t[l'^^^:^^t^^/<^;u:z. Ti/¥io Bacillus acidocaldariuses (Bacillus 

/V "^^^ y ^ X (Bacillus acidocaldarius). 
acidocaldarius )Tfe 5o 



03/05/28 



10/27 



(C) DERWENT 



JP10-136979-A 



[0 0 1 6] 

V- K ;^ /i^ ^" y ^ ( Bacillus 
acidocaldarius ) KSTM-2037 W 
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[0016] 

In a further suitable Embodiment, said 
microorganisms is a Bacillus acidocaldarius 
(Bacillus acidocaldarius) KSTM-2037 strain. 



[0 0 1 7] 



[0017] 

Moreover, this invention is the method of 
liquefying a starch, comprised such that the 
process to which the above-mentioned acid 
(alpha)- amylase and a starch are made to 
react is included. 



[0 0 1 8 ] 

y- T Y ti )V ¥ ^) 
(Bacillus acidocaldarius )/^^ b# 



[0018] 

In suitable Embodiment, said acid (alpha)- 
amylase is obtained from a Bacillus 
acidocaldarius (Bacillus acidocaldarius). 



[0019] 

v- K iJ }V ^' \) X ( Bacillus 
acidocaldarius ) KSTM-2037 ft 

Xh'^o 



[0019] 

In a further suitable Embodiment, said 
microorganisms is a Bacillus acidocaldarius 
(Bacillus acidocaldarius) KSTM-2037 strain. 



[0 0 2 0] 



[0020] 

suitable Embodiment, said reaction is 
performed at the temperature more than 85 
degrees-Celsius. 



[0 0 2 1 ] 

WJl^li^. pH 4.0 t>h 5.5 <D 



[0021] 

In a suitable Embodiment, said reaction is 
performed between 5.5 from pH4.0. 
Furthermore, in suitable Embodiment, said 
reaction is performed without adding calcium. 



[0 0 2 2] 



[0022] 

Hereafter, this invention is demonstrated. 
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[0 0 2 3] 

a~T5^— Bacillus jj 
Bacillus acidocaldarius 
KSTM-2037 tt) iC^^^m^ 

Uj m ^ ±^ 4^ b E^^' $ ti f^o 

[0 0 2 4] 

A. 

(1) m m (D m 

(2) m M (D ± ^ ^ 

0.4-0.6x1.5-3.0Mm 

(3) m m ^± (D ^ m 



+ 



(4) m ^ (D m 

+ 

(5) y 

(6) ^ ^ 

(1) (pH5 

{If iF.) fm^.^R'^^. 

;^ A — X, 

:^TF.I'-J{i&)K) 

(2) #-ii*^#4St^« (pH5 

A — X 

(3) mmmmm (pH5{i*te) 

(4) tl^pir^^^^^^f^'Jt^ft 
(pHSfifiF.) ^^^^^feW-tir-f 



[0023] 

(The choice and identification of a strain which 
produce this amylase) 

The acid (alpha)- amylase of this invention is 

produced by a Bacillus genus, especially 

KSTM-2037 strain of Bacillus acidocaldarius. 

It isolated this strain out of the soil of 

Fukuchiyama-shi, Kyoto prefecture. 

The microorganisms which was isolated shows 

the mycological quality as shown below. 

An examination and classification of 

mycological characteristics were performed 

according to the "Sergey's manual." 



[0024] 

A. Form 

(1) Form of a cell 
Bacillus (it curved a little) 

(2) Size of a cell 
0.4-0.6*1.5-3.0 micronm 

(3) Motile existence 
+ 

(4) Existence of a spore 
+ 

(5) Gram's stain 
+ (juvenile cell) 

(6) Hole acidity coloring 

B. The growth state in each culture medium 

(1) Standard agar plate culture (pH5 
correction) A light-brown color, a gloss 
existence, smoothness, irregular circle 
(wavelike) 

(2) standard agar slant culture (pH5 
correction) a light-brown color and a 
gloss existence, smooth 

(3) Standard liquid culture (pH5 correction) 
It became muddy substantially uniformly 
entirely. 

(4) Standard gelatin stab culture (pH5 
correction) It hardly grows. 

(5) Litmus milk No 
change 

C. Physiological characteristic 
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(5) V h X 5 /I/ (1) Reducibility of nitrate 

C ^M^tfy'\'^M Denitrification reaction 

(1) mm'^ (D Mji.^ '^^^ Methyl-Red examination 

ND 

(2) M R ft (4) VP test 

— (5) Generation of indole 

(3) ;^ 5^ U :y K ^ - 

ND (6) Generation of a hydrogen sulfide 

{4) V P V- ^ h ' 

_ (7) Hydrolysis of a starch 

(5) >Y >^ K - /u- (7) * fig , ^. , . . . 
_ ' (8) Utilization of a citnc acid 

(6) fijfi it 7k M (O ± m utilization of the source of inorganic 
~ nitrogen 

(7) m (D M 7]c ^> m Nitrate + 
+ Ammonium salt + 

(8) ^ V ^ CD ^IJ ffl (10) Generation of a pigment 
ND 

(9) mm^Mif^Mm urease activity 

FJi ^ 

^ ^ (12) Oxidase activity 

_ .tr Catalase activity + 

7 y ^ ^ (14) The range of growth 

+ PH 6.0- 5.5+ 

(10) ^ m (D ^ 1^ 4.5+ 4.0- 

— Temperature 40 

(11) T ^ tt degreeS'Celsius- 45 degrees-Celsius+ 
|vjQ 60 degrees-Celsius+ 65 degrees-Celsius - 

(12) ;t ^ > ^ ir S ^^^^ Attitude with respect to oxygen 
_ Aerotropism 

>^ (16) Generation of dioxy acetone 

(13) t/^y-ii^\^:^ 

+ (17) Degradation of hippuric acid 

(14) '±'^(Dmm ND 

pH (18) Degradation of an amino acid 

6.0- 5.5+ 4.5+ 4.0- Lysine NDArginine ND 

|H ^ Ornithine ND 

40 °C- 45°C+ 60°C+ Deamination of phenylalanine 

65'C— 

n5) mmi-t^'r?>m}^ ^^^^ Temperature resistance (85 

Hb ^^^11 o !L> u degrees-Celsius, 10 minutes) + 

^f^'I'-t (21) Sodium chloride is resistant, 

(16) iy:t^iyr± hy(D± 2.0%+ 5.0% - 7.0% - 10% - 

jj^ — (22) Growth in a sub- row agar medium 
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(17) m & m (D 'A M - 

ND (23) Growth of a 0.001% lysozyme culture 

(18) T 5 y m <D A m medium 

y>^>ND T/v¥^> ND (24) Disassembly of a tyrosine 

. ^ ^ l^j-j (25) Citric-acid * ammonium agar medium 

"7 ^ - „„ Alkali production which comes out 

(19) y :i^=^/i'T -7 =-y<DM 

7' ^ ND (26) Degradation of casein 

(20) Um&B^ (85°C, 10 . 

A) + (27) Degradation of gelatin 

(21) mt-f- h y - 

2 0%+ 5 0%— 7 0%— 10% (28) Growth in an anaerobic culture medium 

~{22) ^y'^'ym^mimzio (^9) Growth in a MacConkey's medium 

(tS^W — (30) Lecithinase reaction 

(23) 0.001% y y^-Atgite ND 

<^:iW - (31) Alkali production in VP culture medium 

(24) =^ a iy y (D 'A M 

— (32) Utilization and the raw acidity of 

(25) ^ :r.y0i.ry^=^<yj>^ saccharides 
m^mm t\ L-a^fbinose 

(c) D-glucose 

(d) D-mannose 

(26) ^ if^ (D 5> m (e) D-fructose 
■~ (f) D-galactose 

(27) 1?' ^ ^- O ^> m (g) Maltose 

— (h) Sucrose 

(28) mmmm{^isn^± O) Lactose 



+ 

+ 

+ 

+ 

+ 



A.^^ „ (k) D-sorbitol 

^^^^^^ (I) D-mannitol + 

(30) U - ^ft (m) inosit + 

ND (n) Glycerol 

(31) V Ptgttfli^iottST/^:* (0) Starch 

VM^ ND (p) Melibiose 

{32) $mom^\^t^M'\± (q) Salicin +/■ 

(a) L - r y — (0 Ethanol 

* It cannot ND : measure. 



+ 

+ 



+ 



_ ^ . p _ ^ As mentioned above, this microorganism is 
^ named Bacillus acidocaldarius (Bacillus 



acidocaldarius) KSTM-2037 strain, entrusted 

(c) D - ^ /!/ ^ to the institute-of-technology National Institute 

+ of Bioscience and Human-Technology, the 
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(d) D y / — :^ acceptance number is PERM P-1 5941. 

+ 

(e) D - y y ^ N-^ 

+ 

(f) D - y ^ h - 

+ 

(g) « ^ tl 

+ 

(h) s m 

(i) fL m 

(j) h u- /N n — X 

+ 

(k) D - y /I- f h 
(I) D - ^ y ^ y h 

+ 

(m) 4 y -> -y h 

+ 

(n) ^" y ir y ^ 

+ 

(o) m fj) 

+ 

(p) / y f :t - X 
(q) y 

+ 

(r) 31. ^ y - 



*ND : SiJ^X:-^T 

^ T v- K /I- ^" y X 
( Bacillus acidocaldarius ) 
KSTM-2037 ^tl. X 

PERM P-1 5941 X-h^o 
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m^^f^m ^mmmom'ita (The culture method) 
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KSTM-2037 ft^i^#LT|#b 



[0 0 2 6 ] 



The acid (alpha)- amylase of this invention - 
for example, this KSTM-2037 strain may be 
cultivated. 

A culture may be performed by normal 
aeration-rotation culture etc. 
Those skilled in the art may contain the usually 
used source of a carbon, the source of 
nitrogen, other necessary mineral salt, a 
mineral, etc. in the culture medium to be used. 

[0026] 

As a source of a carbon, the carbohydrate 
which can utilize besides a glucose, waste 
molasses, and invert sugar etc., fats and oils, a 
fatty acid, alcohol (for example, methanol, 
ethanol), various starches, a starch liquefying 
liquid, dextrin, etc. are by itself, or may be used 
in mixture as appropriate as required, for 
example. 



[0 0 2 7] 



[0027] 

As a source of nitrogen, sources of inorganic 
nitrogen, such as ammonium sulfate besides 
sources of organic nitrogen, such as a 
polypeptone, a yeast extract, a meat extract, 
soybean meal, a corn steep liquor, and a cone 
mill, ammonium chloride, ammonium nitrate, 
and an ammonium phosphate, are by itself, or 
may be used in mixture as appropriate as 
required, for example. 



[0 0 2 8] 



[0028] 

It may be used as a mineral salt and a mineral, 
for example, a phosphate, a magnesium salt, a 
calcium salt, a manganese salt, an iron salt, a 
zinc salt, a cobalt salt, a sodium salt, a 
potassium salt, or various vitamins by itself or, 
when required, an appropriate mixture. 
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mM(D pH (lii?f? pH4.5~5.5. 
$f * L< (i pH4.5~5.0 Vh^o 

mmumitm'^ 45~6ot:. ^ 

±§#fa|ffo6V^(±tg-# pH. 

18 m^-b^h 3 HPhI 
[0 0 3 0] 

IS. f?|J;^«\ i5iJ;ttt':i^ 

iiM^i^ 5 r to: J; o T 
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PH of a culture medium is usually pH4.5-5.5, 

preferably it is pH4.5-5.0. 

Culture temperature is normal 45-60 

degrees-Celsius, preferably it is 55-60 

degrees-Celsius. 

A culture is fluctuated according to the 
conditions of culture temperature or Culture pH, 
and aeration churning etc. 
However, if sufficient time for the growth of 
microorganisms used for this invention and 
livebirth of (alpha)- amylase is considered, 
generally it will be carried out for three days 
from 18 hours. 

[0030] 

(Purification method of acid (alpha)- amylase) 
The acid (alpha)- amylase of this invention may 
be refined by the following methods. 
First, by centrifuging or filtering a culture 
solution, a microbial cell is separated and a 
supernatant liquid is obtained. 
Purification means normal from this 
supernatant liquid, for example, it may be 
refined by combining independently or suitably 
purification means of normal enzymes, such as 
the solvent precipitation method using the 
salting-out method, for example, ethanol, 
acetone, etc., an isoelectric point precipitation 
method, an electrophoresis method, an 
ion-exchange-chromatography method, a gel 
filtration process, the affinity-chromatography 
method, and the crystallizing method. 
The obtained enzyme can be used as 
freeze-dried powder. 

It may be freeze-dried after the desalting 
treatment as required. 



[0 0 3 1 ] 

(^«'J/£&) 

W.^^Wh 0.4N-NaOH ^ 
25ml M X. . 1^ -e 1 0 



[0031] 

(Potency measuring method) 

(Manufacture of a substrate solution) 

A substrate solution is prepared as follows : 

As an anhydride, while distributing a 1g 

purification potato starch, 25 ml of 0.4 N-NaOH 

is added, it heat-dissolves for 10 minutes by 

boiling in water. 
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L.O.4N-CH3COOH ^ 25ml 
Mx.X. pH ^ HCI T' 4.5 ('p 
SLfctt> 100ml (l^^-f 5o 
^^(^^•9. 1 (Sfi)%(D,B||^ 

[0 0 3 2] 

10ml icgl^f^ 1 ml ^>JD;tr 
40"CT^ 10 ^^ra^SfS^-fr. ^(D 
Kftm 1 ml "9 tt! L 1 /ION 
HCI 10ml ^{cAnSi^t^^if It 

0.5ml 19 . 0.005% 3 - K ( 3 
-;{;*y 0.05%^-a-tf) 10ml 

(c;jO;i. ^k-fSttfeW 660Mm 
(j- 5 ^5>3t i'+fc: 

10 0 3 3] 
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This solution is cooled, after adjusting 25 ml, in 
addition pH to 4.5 by HCI, the fixed 
containment of the 0.4 

N-CH<SB>3</SB>C00H is carried out to 100 
ml. 

Thereby, the potato starch solution of 1 (weight) 
percentage is obtained, let this be a substrate 
solution. 

[0032] 

(Enzyme active measurement) 
1 ml of enzyme liquids is added to 10 ml of 
substrate solutions, and it is made to react to 
them for 10 minutes by 40 degrees-Celsius. 
1 ml of the reaction mixture is put into removal 
1/1 ON HCI 10 ml, and a reaction is stopped. 
0.5 ml of this liquid that carried out the reaction 
stop is taken, 10 ml of 0.005% iodo (including 
0.05% potassium iodide) absorbence in blue 
660 micronm(s) produced is measured with a 
spectrophotometer, enzyme activity 
(dextrin-ized power) is calculated by following 
Formula. 



[0033] 



mi] 



[EQUATION 1] 



[0 0 3 4] 

[0 0 3 5] 



[0034] 

By the above-mentioned measuring method, 
the acid (alpha)- amylase active (dextrin-ized 
power) when 1% reduction of the absorbence is 
carried out at 40 degrees-Celsius for 1 minute 
is defined as 1 unit. 

[0035] 

(Examination of an enzymatic characteristic) 
The acid (alpha)- amylase (henceforth the acid 
(alpha)- amylase of this invention) obtained by 
the above-mentioned method can investigate 
the characteristic with the following method. 
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1 ) ife®#mt4 : -4^m'^m(Dm 
■I4a-T5 ±.mim 

;(7>fVu 60 ^iiy^- h (^/i- 

T/l/=i— yv- : Tir h >• : 7K = 
40:40:20 -C^r^-CMf^H L/c <t 
iC , -V /V h ^ y ^ ;t X (1 
0.14.-7/1^ ^'^=^i^7^— x(j;0.1 

:^/i^r5;i/4g. T-thV 
200mk 85% y 30ml 

'ck) ^ffli/^r. i05°c. 30 5>in 



1) Substrate specificity : making the acid 
(alpha)- amylase of this invention act on the 
substrate solution containing said 1 weight% 
starch the condition for 80 degrees-Celsius and 
60 minutes. 

It can check after a reaction that the malto 
pentaose and the malto hexaose are mainly 
generating by analyzing a reaction mixture with 
thin layer chromatography. 
When a detection of a product is developed at 
room temperature by isopropyl 
alcohol:acetone:water =40:40:20 using a 
silica-gel 60 thin-layer plate (Merck company 
make), in a malto pentaose, 0.14 and a malto 
hexaose give the Rf value of 0.1 . 
In addition, using a color development liquid 
(liquid mixture of aniline 4 ml, diphenylamine 
4g, acetone 200 ml, and 30 ml of 85-% 
phosphoric acid), 105 degrees-Celsius, a color 
development is heated for 30 minutes and 
performed. 



[0 0 3 7] 

2 ) ^ii pH : Mii pH (i. tuE 

W9.W^(r> pH ^m^-'^x^x. 
8o°c . 1 0 'jm^^^ ^^x m 

■if(D^m pH it. m pH4.0 Xh 



[0037] 

2) Optimum pH : an optimum pH changes 
various pHs of said substrate solution, 80 
degrees-Celsius, it is made to react for 10 
minutes and measured. 

The optimum pH of the acid (alpha)- amylase of 
this invention is an approximate pH 4.0. 



[0 0 3 8] 

3)pH^^tt:^rpH (D lOOmM 

mmmmm^x 9o°c. 15 5>r«i 

pH4.5. 80'C. 30 5>tliJK/;c;>$it 

y-if (Z) pH ^AEt^ti.^J pH4.5 
--5.0 (D%mVh^o 



[0038] 

3) pH stability : after treating in 100-mM 
acetic-acid buffer of each pH at 90 
degrees-Celsius for 15 minutes, it is said 
potency measuring method about residual 
activity of a processing solution, it is made to 
react for 30 minutes at pH4.5, 80 
degrees-Celsius, and measured. 
PH stability of the acid (alpha)- amylase of this 
application is the range of an approximate pH 
4.5-5.0. 
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4) ?ait^^t4 : lOOmM mW: 
mWM pH4.5 f-t\#fiJ$T' 15 

pH4.5. 80°C. 30 5>rp.1ixJ^^^-fr 
T 7— tftt. 80°c-e 15 
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[0039] 

4) Temperature stability : after treating for 15 
minutes at each temperature in 100-mM 
acetic-acid buffer pH4.5, it is said potency 
measuring method about residual activity of a 
processing solution, pH4.5, 80 
degrees-Celsius, it is made to react for 30 
minutes and measured. 

As for the acid (alpha)- amylase of this 
invention, after 15-minute treatment has 100% 
of residual activity by 80 degrees-Celsius. 



[0 0 4 0] 

5) : mmMmi'^m 

\^x.^m^oya^x^ 10 

a-T 5 y--if (±.80-90°CtC:^ 



[0 0 4 1 ] 

6) 'j^^m : iiyi^t LT. 
Sephadex-100 'Srffll\ lOmM 

Naci 50mM mmmtm 

(pH5.0) ^ -C^ ^MM]^ L X m ^ 

— lf(D^>-T-fii±*^ 55,000 t-h 
,^^60. OOOTfcSo 

[0 0 4 2] 

7) ^s.^- : mm^mM^m^m 

'\^a-r^y—^(D^n.^M 4.2 



[0040] 

5) Optimum temperature : making it react for 10 
minutes at various temperature with said 
potency measuring method, and measuring. 
The acid (alpha)- amylase of this application 
has an optimal temperature in 80-90 
degrees-Celsius. 

[0041] 

6) Molecular weight : using Sephadex-100 as a 
column, in 50-mM acetic-acid buffer (pH5.0) 
containing 10 mM NaCI, carrying out a gel 
filtration and measuring. 

The molecular weight of the acid (alpha)- 
amylase of this invention is about 55,000 to 
about 60 and 000. 



[0042] 

7) Isoelectric point: it can measure using an 
isoelectric focusing. 

The isoelectric point of the acid (alpha)- 
amylase of this application is 4.2. 



[0 0 4 3] 

y—ifO'^MUlS.. Sii pH. U 



[0043] 

Furthermore, the optimum temperature, the 
optimum pH, the temperature stability, and pH 
stability of acid (alpha)- amylase of this 
invention are not influenced in the presence of 
a calcium ion. 



[0 0 4 4] [0044] 

a - T 5; 7 ^if 'f tl^^ (alpha)- amylase of this invention is 
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V ^ 5 <!:~(D;^^fe-I:- 
#6c ^fc. =^'mf (^;i^-a(^^ 

t4 a - T ^ 7 — tf ^ ax # L S o 



refined, this acid (alpha)- amylase gene is 
acquirable based on that (part) amino acid 
sequence. 

Thus, the one part modification of the obtained 
gene sequence (amino acid sequence) is 
carried out, those skilled in the art can acquire 
acid (alpha)- amylase equivalent to this 
invention easily using the well-known method. 
For example, a gene sequence is changed by 
methods, such as a site specific mutation and 
the deletion mutation using M13 phage, the 
acid (alpha)- amylase of a variant can be 
acquired. 

Moreover, even if it uses the well-known 
variation method for those skilled in the art, the 
acid (alpha)- amylase of a variant can be 
acquired. 

Therefore, it is acid (alpha)- amylase of these 
variants, comprised such that the enzyme 
which has a characteristic substantially 
equivalent to the enzyme of this invention is 
also within the limits of this invention. 



[0 0 4 5] 



[0045] 

Hereafter, an Example demonstrates the 
content of this invention still more concretely. 
However, the range of this invention is not 
limited to these Examples. 



[0 0 4 6] 
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mmm i ) 

1) i/-Kti^# 

^mmm i % 
0.25%. mw^ 

NaCI 0.25%. 
0.05%. MnCb- 



0.25%. 
MgS04 • 7H2O 

4H2O 0.001%. 
CaCl2 • 2H2O 0.05%. KH2PO4 
0.2%. (NH4)2S04 0.2%/6^b/^ 



[EXAMPLES] 

(Example 1) 

(A culture of microorganisms and purification of 
an enzyme) 
1 ) Seed culture 

1 % of soluble starches, polypeptone 
0.25 %, yeast extract 0.25 %, NaCI 0.25%, 
MgSO<SB>4</SB>*7H <SB>2</SB>0 0.05%, 
mnCI<SB>2</SB>*4H <SB>2</SB>0 0.001%, 
CaCI<SB>2</SB>*2H <SB>2</SB>0 0.05%, 
500 ml (pH4.5) of culture mediums which are 
made of KH<SB>2</SB>PO<SB>4</SB> 0.2% 
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6±§Jft (pH4.5) 500ml ^ 31^ 

20 ^> ^ # . Bacillus 
acidocaldarius KSTM-2037 ^ 

ML. 60°C. 1 6 0 r prnt;- 



[0 0 4 7] 

2) m« 

1 ) <!r I?) cmft(Dmm 3 0 0 L 

^ 500L >'^(^AtL. 

0.67% (2L) umL. eor. 

160rpm ^-3 HrpiT^&iSLfCo 
cOij^m. 1 ml fofc 19 4.9 

[0 0 4 8] 

3) mm(Dmm 

m^^'b'M (7,000rpm. 30 

^- t>A^ 40%rcl?n(r/j;5 J; 
H" 1 0 0 (H?ngS©x||(1*) 
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mm^2) 



1) SiiixJ^^?Ug 
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and <SB>2</SB>(NH<SB>4</SB>) 
S0<SB>4</SB> 0.2% is put into the 3-L 
Erienmeyer flask, bacillus acidocaldarius KSTM 
-2037 is vaccinated after 20-minute 
pasteurization by 121 degrees-Celsius, it 
cultivates for two days by 60 degrees-Celsius 
and 160 rpm, the seed was obtained. 

[0047] 

2) Culture 

Culture medium 300L of the same composition 
as 1) is put into the 500-L culture tank, 
transport of the above-mentioned seed is 
carried out 0.67% (2L) after 20-minute 
pasteurization by 121 degrees-Celsius, It 
cultivated for three days by 60 degrees-Celsius 
and 160 rpm. 

Consequently, 4.9 unit (alpha)- amylase per 1 
ml of culture solutions was produced. 

[0048] 

3) Purification of an enzyme 

The above-mentioned culture solution 
containing (alpha)- amylase is centrifuged 
(7,000 rpm, 30 minutes), the supernatant liquid 
was obtained. 

What further freeze-dried this supernatant liquid 
after concentration with the ultrafiltration was 
made into crude-enzyme a sample. 
A crude-enzyme sample is dissolved in distilled 
water, in addition, overnight precipitation was 
generated by 5 degrees-Celsius so that it might 
become saturated 40% about ammonium 
sulfate. 

"Delicaster" - H-100 (product made from Sanwa 
Starch Industry) was made to adsorb the 
generated precipitation after a recovery by 
centrifugation. 

An adsorption enzyme is freeze-dried after an 
elution by warm distilled water, it considered as 
the enzyme preparation. 

[0049] 

(Example 2) 

(Examination of an enzymatic characteristic) 

1) The optimal reaction temperature 

The acid (alpha)- amylase (5 unit) of this 
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invention obtained in Example 1 is made to 
react for 10 minutes with a soluble starch 
(pH4.5) 1%. 

The influence on the active temperature 
dependency of the acid (alpha)- amylase of this 
invention and the enzyme activity by calcium 
ion addition was investigated. 
The result was shown to Table 2. 



[0 0 5 0] 
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[TABLE 2] 



[0 0 5 1] 

[0 0 5 2] 

2) 3131 pH 

^tta-T 5 7— tf' (5 TO) 

pH. *5J;t/^/^->'>A^y^>-^^ 



[0051] 

Obviously from Table 2, the acid (alpha)- 
amylase of this invention had optimum 
temperature in 80-90 degrees-Celsius, and it 
did not depend for the optimum temperature on 
the existence of a calcium ion. 



[0052] 

2) Optimum pH 

The acid (alpha)- amylase (5 unit) of this 
invention obtained in Example 1 is made to 
react for 10 minutes by the soluble starch and 
80 degrees-Celsius 1%. 

The influence on the active optimum pH of the 
acid (alpha)- amylase of this invention and the 
enzyme activity by calcium ion addition was 
investigated. 

The result was shown to Table 3. 



[0 0 5 3] 
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[TABLE 3] 



[0 0 5 4] 

pH4.0 t^^ii pH ^mh. ^(D 



[0054] 

Obviously from Table 3, the acid (alpha)- 
amylase of this invention had an optimum pH in 
pH4.0, and the optimum pH was not dependent 
on the existence of a calcium ion. 
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[0055] 

3) Temperature stability 

Residual activity is measured for the acid 
(alpha)- amylase (10 unit) of this invention 
obtained in Example 1 after treatment for 15 
minutes at several sorts of temperature, the 
influence on the temperature stability of the 
acid (alpha)- amylase of this invention and the 
enzyme activity by calcium ion addition was 
investigated. 

The result was shown to Table 4. 
[0056] 



[^4] 



[TABLE 4] 



[0 0 5 7] 

^ ^ t4 ;^ / ^ A ^ 3^ > CD W 



[0 0 5 8] 

4) pH^^t* 

mmm i xMhtitz^mMm(D 

mi±a-7 xy-if (10 W) 

^ V muo pH -e 1 5 'Mmmm . 

^'14 a - T 5 7 — pH ^aE' 
[0 0 5 9] 



[0057] 

Obviously from Table 4, the acid (alpha)- 
amylase of this invention is stable to 80 
degrees-Celsius. 

The temperature stability was not dependent on 
the existence of a calcium ion. 



[0058] 

4) pH stability 

Residual activity is measured for the acid 
(alpha)- amylase (10 unit) of this invention 
obtained in Example 1 after treatment for 15 
minutes by several sorts of pH, the influence on 
pH stability of the acid (alpha)- amylase of this 
invention and the enzyme activity by calcium 
ion addition was investigated. 
The result was shown to Table 5. 
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[TABLE 5] 
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[0 0 6 01 

pH4.5~5.0 S-eS:^l: fc'9 . ^ 
<D pH ^^t*H;^/l-^>'>A-Y7h 



[0060] 

Obviously from Table 5, the acid (alpha)- 
amylase of this invention is stable to pH4.5-5.0. 
It did not depend for the pH stability on the 
existence of a calcium ion. 



[0 0 6 1 ] 

{mfj)(Dmit) m 40(wa/)%(d 
i5u/gDs (Ds-.mm^m) (Dm\i. 

D-(DpH^ HCI/NaOH (di: 4.5 
i^^LfcTK^ # ^ tc gs^JFJ L 

10 'j^mi^nLtcm. um^ 

130°C(C±#c^-l±-^Co 
|n]ri.it^- 10 ^Fsm^^tfCo #^ 
90°C!;?ftSpm. SiSa-r^y 
-if' lOu/gDS ^miiUL. 90°C 

it--i£x*(1*)M) ^pHe-cfflv^ 
3K-6 (^71^ tfco 

if' H s coij^ti. ;^ 7 U pH 
PO^S^Ca(OH)2-T:1fofCo 

[0 0 6 2] 



[0061] 

(Example 3) 
(Liquefying of a starch) 

The acid (alpha)- amylase of 15 u/gDS (DS: 
substrate dry provisions) is added to the 
cornstarch sluny of about 40 (WA/) percentage, 
after adjusting pH of a slurry to 4.5 in 
HCI/NaOH, it maintained to 90 degrees-Celsius 
grade beforehand and it added gradually to 
water. 

After the addition completion, after further 
maintaining for 10 minutes by 90 
degrees-Celsius, temperature was raised to 
130 degrees-Celsius. 

It maintained for 10 minutes at the same 

temperature after the raise. 

After cooling to about 90 degrees-Celsius, it is 

(alpha)- amylase again. 10 u/gDS is added, 

it further maintained for 60 minutes by 90 

degrees-Celsius. 

It tested by using at pH6 the commercial 

(alpha)- amylase agent "Spitase HS" (product 

made from a Nagase Seikagaku Corporation) 

used industrially as a control now. 

The result was shown to Table 6. 

In addition, in the case of Spitase HS, pH of a 

slurry was adjusted by. [ Ca(OH) ] 

[0062] 



me] 



[TABLE 6] 



[0 0 6 3] [0063] 

-^M^^M(OMii a -T 5; 7 — -i? Even if it compares the acid (alpha)- amylase of 
{j;^ t^5l5'^^^tiTl^Sl='t4a- ^^^^ invention with the neutral (alpha)- amylase 

currently used conventionally, it finds that it is 
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mmm 4 ) 

mitLtcwmmm) mm 
3 Tif ^ntcmnmimi^ . ^ 

m^^m-^i^it pH ^ii^-ts 

{b^X^(^)M) 4u/gDS ^^*D 

L. eorjciT 48 BtrHimixi^:^ 

m^(C(j:,pH^4.5{^mLT. 
[0 0 6 5] 
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equal. 



[0064] 

(Example 4) 

(The liquefied starch is saccharified) 
Commercial saccharogenic amylase agent 
"Amylax plus" (product made from Nagase 
Seikagaku Corporation) 4 u/gDS is added 
without adjusting pH, in using the acid (alpha)- 
amylase of this invention for the starch 
liquefying liquid obtained in Example 3, the 
saccharified reaction was performed in 60 
degrees-Celsius for 48 hours. 
When spitase is used, pH is adjusted to 4.5, it 
carried out similarly. 
The result was shown to Table 7. 
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When the acid (alpha)- amylase of this 
Invention was used, the favorable result was 
obtained compared with the neutral (alpha)- 
amylase currently conventionally used in 
filterability and G1 yield. 
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[ADVANTAGE of the Invention] 

The novel acidity (alpha)- amylase of this 
invention may be used for liquefying of a starch 
on high temperature and acid conditions. 
By reacting on acid conditions, the fall of the 
glucose yield after saccharified being based on 
alkali isomerization is avoided. 
Moreover, since a calcium ion was not actively 
made necessary and the addition of calcium 
made necessary became unnecessary, when 
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using the conventional enzyme, while being 
able to skip the elimination process of a 
calcium ion with a large load, in the 
saccharified process using a glucoamylase, pH 
did not need to be prepared again and the 
remarkable improvement in a glucose 
manufacturing process was completed. 
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